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Fig.1 Boundary conditions of compression load: (a) vertex

load, (b) face-center load, (c) line load, and (d) surface

load
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Fig.2 Optimization results of compression load: (a) vertex load,

(b) face-center load, (c) line load, and (d) surface load
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Fig.3 Boundary conditions of shear load: (a) vertex load,

(b) face-center load, (c) line load, and (d) surface load
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Fig.4  Optimization results of shear load: (a) vertex load,

(b) face-center load, (c) line load, and (d) surface load
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Fig.5 Reconstruction of cell structure model
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Fig.6 Four common basic cell structures: (a) bcc, (b) rdc, (c) dcc,
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Fig.7 Geometric parameter diagram of TO-S1 structure



- 810 - WA SRR TR

53 3%

F1 Ti6AKV A&
Table 1 Properties of Ti6AI4V alloy

Elastic modulus/  Yield strength/ Den3|ty/
GPa MPa gcm®

113 890 4.43

Poisson’s ratio

0.342
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Fig.8 Load boundary conditions: (a) compression load and

(b) shear load

XF IR 8 Fh 2 ALGE M HEAT BY D)4 AR5, 7E A BT 1)
TER T B Z LA MIA %0, wiE 8b Fir: 435
£ Z+F1 X+77 [ Jiti 0 2 BT PR I AHAE 26 R/ 0.1L
IBLAE B AT, XOY F1 YOZ P H AR TE . 43 HITE 71
FTHT Z-F0 X-TJ7 [A) it 0 2 LT TR AR RS 28 B K/ 011
WIALAE B AT, XOY F1 YOZ PN H HAZ T . i 4544
FEY J5 AT WIS [ BE, 6 Y-J5 1) ) XOZ ~F- 1 i i
Y 77 M IR £, XOZ ~F iR 7 HAh 77 ) H AR T, A
TMif# 2 FLES# e A= XOZ ~F- 1 3 I BT U128 T
2.2 HE%R

iR X 60%~90%) 8 Fhik & 4 % FL &5 AT
THE4E. SO AT . SN T RERS B B X A R 2R Y
ZALEMIPUE . PUBTYERE AT AT AL RAE, 2] =
e K 9 Fin. 8 Mas TS A LR T 1t
REfa s —2, HAPALBRE N 60%1 2 fLEK & & 712 M
REDT BHAE IR 2 iR 3BT ELE PR 58 5« BUBYsR AT,

FIRELEE I R BT 1 2 LA .

R H A AT, TO-P1. TO-S2. TO-P2 ff
U o8 A X &, rde. dec. bee AR, foc A
TO-S1 &b T %5 /KF, 7R B 8 F 45 44 # TO-P1.TO-S2
A TO-P2 M HL K Mk BB i - 72 BY VI B 4y Hr
TO-S2. TO-S1 By 58 & fxmi, TO-P2. dcc. bee. fec
BT 255K, rde. TO-PL 470 B 9 5 AH X 804K, IR
Bl 8 Fhék#yrh TO-S2. TO-S1 HIHi 8 1t e i . 45
RUPWET IR 4 Fh 2 fLE5 M R B0 H =ik 5
1 7147 N .

R2 0%NIMERZAUNGENFUHEMNEE

Table 2 Simulation values of mechanical properties of porous titanium alloy with porosity of 60%

Mechanical property TO-P1 TO-P2 TO-S1 TO-S2 bce rdc dcc fcc
Compressive strength/MPa 407.48 394.3 365.88 403.24 261.74 328.94 301.84 342.78
Shear strength/MPa 107.252  155.42  179.074 195672 139.44  123.126  148.408  130.552
a b
I Porosity of 90% 450 I Porosity of 90%
[ Porosity of 80% 400 & I Porosity of 80%_+
[ Porosity of 70% | 350 § Il Porosity of 70%
Porosity 30 ‘gb Porosity of 60%
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Fig.9 Simulation results of compressive strength (a) and shear strength (b) of porous titanium alloy
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Fig.10 SEM morphology of Ti6Al4V ELI powder
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Fig.12 Compressive stress-strain curves of eight kinds of porous
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Table 4 Specific surface area of porous structures (mm™)

Porosity/% TO-P1 TO-P2 TO-S1 TO-S2
60 2.5808 3.824 4.4124 5.6084
70 2.4378 3.773 4.2336 5.4496
80 2.147 3.4605 3.7966 4.8854
90 1.5455 2.8233 3.0264 3.8453

nner surface

2
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Fig.13 Specific surface area diagram of porous structure
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Fig.14 Fluid domain modelling and boundary conditions
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Table 5 Related settings for permeability analysis

Permeability analysis

Simulation Vertical unidirectional flow

method

Fluid Water: £=0.001 kg {m s)*, p=1000 kg/m®,

property Laminar flow

Boundar Inlet: inlet velocity of 0.01 m/s
conditior): Outlet: outlet pressure of 0 Pa

Wall: non-slip wall in fluid domain
Or::lﬁ)ﬁt Volume flow, pressure drop at inlet and outlet
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Fig.15 Relationships between permeability and porosity
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Table 6 Permeability coefficients of different porous structures

and human bone in literatures

Porous structure Porosity/ Permeability coefficient,

type % K/X10°m? Ref.
Regular CAD  60-90 1-25 Ali®]
TPMS 75.1-88.8 0.29-3.91 Mat?"!
Micro-CT 78-82 0.75-1.74 Baino®®
Human bone - 0.027-20 Nauman?®
TO-P1 60-90 2.05-13.49 This paper
TO-P2 60-90 1.43-7.1 This paper
TO-S1 60-90 1.45-7.2 This paper
TO-S2 60-90 1.54-7.36 This paper
16 |- Specific surface area 2 Permeability coefficient
=] Shear performance Compressive performance
141
12+
10+

Normalized Value Accumulation

o N M OO
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_
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Comprehensive Performance
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Fig.16 Comprehensive performance normalized superposition

results
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Topology Optimization Design and Performance Study of Porous Titanium Alloys

Zhang Yongdi, Sun Baoyu, Wang Weizhi, Yang Guang
(School of Mechanical Engineering, Hebei University of Science and Technology, Shijiazhuang 050018, China)

Abstract: To obtain titanium alloy porous structures with good mechanical properties and high permeability, a trade-off between the
porosity of the porous structure and its strength needs to be maintained. Taking human knee tibial prosthesis as the research object, firstly,
according to the stress state of the tibia, topology optimization was used to design and reconstruct the compressive and shear cell
structures (TO-P1, TO-P2, TO-S1, TO-S2) under different loading conditions, and several common basic cell structures (bcc, fcc, rdc, dcc)
were studied and compared; secondly, through compression and shear performance simulation of different types of porous titanium alloys,
the mechanical properties of different topologies of porous titanium alloys were studied, and the porous titanium alloy compression
samples were formed by SLM technology, and the validity of the simulation analysis was verified; finally, four porous titanium alloys with
better mechanical properties were selected for permeability analysis. The results show that the TO-S2 structure has the best compressive,
shear mechanical properties and permeability, and it is suitable for porous structures of compression-shear load type implants.

Key words: porous structure; topology optimization; Ti6Al4V alloy; selective laser melting; mechanical properties; permeability
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